Our study has shown that widespread vitamin D deficiency in a UK inner-city population remains an issue. In concordance with other studies, we found a high prevalence of vitamin D deficiency in Afro-Caribbean and Asians, and, in particular, women. It is clear that more routine screening of vitamin D is needed.
Background Vitamin D deficiency is still thought to be widespread in the UK and in recent years the number of cases of rickets reported in children has increased. In this study, the distribution of vitamin D and the prevalence of vitamin D deficiency have been determined for a multi-ethnic population from the inner-city area of Birmingham, UK, where a vitamin D testing service has been readily available for over 10 years.
Methods Serum 25-hydroxyvitamin D concentration was determined using an automated platform (Nichol's Advantage Speciality System) for 830 outpatient samples collected randomly at the end of summer (September).
Results
In our total study population, prevalence of vitamin D deficiency, defined as a 25-hydroxyvitamin D concentration o10 mg/L, was high (24%): one in eight Caucasians, one in four Black Afro-Caribbeans and one in three Asians were found to be deficient. Levels of deficiency were much higher in Asian women, with almost one in two individuals (43%) found to have a vitamin D level below 10 mg/L.
Introduction
Vitamin D de¢ciency is associated with rickets, muscle weakness, aches, as well as generalized bone pain, caused by poorly mineralized bone matrix (osteomalacia and osteoporosis), which increases the risk of fractures in old age. 1--3 More recent studies have indicated that vitamin D de¢ciency may also increase the risk of developing certain cancers. 1, 4 Patient vitamin D status can be readily determined by measuring the main circulating vitamin D metabolite in serum, 25-hydroxyvitamin D, although there is still an ongoing debate on what actual concentration of serum 25-hydroxyvitamin D is indicative of vitamin D de¢ciency. 5--10 There is evidence to suggest that vitamin D de¢ciency is widespread in the UK. 11--15 In particular, in recent years, clinicians have reported a re-emergence of rickets in British Asian and Afro-Caribbean children in inner-city areas. 16--20 This has resulted in repeated calls for greater awareness among clinicians and the public of the need for vitamin D testing of high-risk population groups. 6,10,11,16--20 The main source of vitamin D for most people is endogenous synthesis, which is dependent on exposure to ultraviolet light from sunlight. 21 In the UK, adequate sunlight is available only during the period April--(mid) October 22 Consequently, ethnic groups like Afro-Caribbeans and Asians, which have a greater level of skin pigmentation, the very young, elderly and people working predominantly indoors, such as o⁄ce workers, whose exposure to sunlight is low, are intrinsically more susceptible to vitamin D de¢ciency. 10--15 With continued concern that despite being widespread, vitamin D de¢ciency is still underdiagnosed in the UK, in this study the current prevalence of vitamin D de¢ciency in our local multi-ethnic population (inner-city area of Birmingham UK), where we have o¡ered a routine service for vitamin D testing for over 10 years, has been determined.
Study population and samples
Serum samples (830) collected into 5 mL Greiner gel tubes (centrifuged at 4500 rpm for 8 min) were selected randomly over a two-week period in September 2005 from outpatient samples. Any sample for which vitamin D had already been requested was excluded from the study. The age of subjects ranged from 1 to 87 years, with a mean age of 53 years, and is re£ective of the age group we routinely test; 500 of the subjects were women and 330 men. The ethnicity of subjects was: Caucasian (317), Black Afro-Caribbean (125), Asian (251) or others (137). Samples were stored for a maximum of three days at 41C prior to analysis.
The concentration of serum 25-hydroxyvitamin D was determined using a Nichols Advantage Chemiluminescence Specialty System (Nichols Institute Diagnostics, USA). This method has been compared in our laboratory to a commercially available radioimmunoassay kit for serum 25-hydroxyvitamin D determination (IDS, UK), and the correlation between the two methods was y ¼1.236 Â R 2 ¼0.958 (n ¼ 50). The between-batch coe⁄cient of variation also established in our laboratory for the Nichol's Advantage method was 19%, 9% and 4.3% at 25-hydroxyvitamin D concentrations 3.0, 16 and 28 mg/L, respectively (n ¼ 20).
Serum calcium, albumin and alkaline phosphatase were all measured using Roche reagents on a Roche modular vertical P analyser (Roche, Diagnostics Limited, East Sussex, UK).
Statistics and calculations
The data were analysed using MINITAB Statistical Software,Version 1. 4 (MINITAB Inc., USA).
Results

Serum 25-hydroxyvitamin D concentrations
Mean 25-hydroxyvitamin D concentrations and other associated biochemical markers for the total study population and di¡erent ethnic groups are presented in Table 1 . The relationship between 25-hydroxyvitamin D and alkaline phosphatase concentration for the total study population was found given by y ¼ À0.4402 Â R 2 ¼0.008. No correlation was found between adjusted calcium and 25-hydroxyvitamin D concentration. Also, the mean alkaline phosphatase and albumin concentrations did not di¡er signi¢cantly between the total study population and the di¡erent ethnic groups, and were within normal reference intervals. For the Asian group, the mean calcium and corrected calcium levels were signi¢cantly lower compared with the total population as well as the other 69  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  49  51  53  55  57  59  61  63  65  67  71  73  75   0   2   4   6   10   12   14   16   18   13  47  1  3  5  7  9  11  15  17  19  25  27  29  31  33  35  37  39  41  43  45  49  51  53  55  57  59  61  63  65  67  69  71  73  75   5   10   15   20   25   30   35   19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59  61  63  65  67  69  71  73  75 Total study population (n = 830)
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Asian (n = 251) p = < 0.0001 /L  24  22  20  18  16  14  12  10  8  6  4  2  0  1  3  5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  61  59  63  65  67  69  71 73 75 Figure 1 Distribution of vitamin D concentrations in total study population and in different ethnic groups. Individuals with vitamin D deficiency (serum 25-hydroxyvitamin D concentration o10 mg/L) are indicated by shaded areas. The significant difference between the total population and different ethnic groups (P) was determined using the Mann-Whitney test ethnic groups (PX0.05), although they still fall within normal reference intervals. The di¡erences in mean 25-hydroxyvitamin D concentrations between the ethnic groups were highly sig-ni¢cant, and their values decrease in the order Caucasians, Black Afro-Caribbeans and Asians. Distribution of 25-hydroxyvitamin D concentration and the di¡erences in mean 25-hydroxyvitamin D are given in Figure1. Compared with the total population, the mean 25-hydroxyvitamin D concentration for Caucasians was higher, and in the Black Afro-Caribbeans and Asian ethnic groups lower.
Using the Mann--Whitney test, no signi¢cant di¡erence was found for the mean 25-hydroxyvitamin D concentration between men and women in the total study population, Caucasian and Black Afro-Caribbean ethnic groups (see Figure 2 ). Asian women, however, were found to have a signi¢cantly (Po0.003) lower mean 25-hydroxyvitamin D concentration (12.5 mg/L, n ¼152) compared with Asian men (15.6 mg/L, n ¼ 99), as well as the total study population (Po0.0001).
Prevalence of vitamin D deficiency
De¢ning vitamin D de¢ciency as 25-hydroxyvitamin D serum concentration being o 10 mg/L, the prevalence of vitamin D de¢ciency for the total study population was observed to be 24%. In the Black Afro-Caribbean and Asian ethnic groups, the prevalence was higher, at 26 and 31%, respectively. In Caucasians, only 12% of individuals were found to be vitamin D de¢cient.
Level of vitamin D de¢ciency was much higher in Asian women (43%) compared with Asian men (25%), but was similar between genders in other ethnic groups (Caucasian men 14%, women 10%; Black Afro-Caribbean men 30%, women 32%).
Discussion
There are many published recommendations and they de¢ne de¢cient serum 25-hydroxyvitamin D concentrations in di¡erent ways and are dependent on many factors --such as the study population, age, dietary vitamin D intake, latitude of the country or minimization of parathyroid hormone (PTH) concentrations. Values speci¢ed for de¢cient serum 25-hydroxyvitamin D concentrations range from o8 to 40 mg/L, with higher values con¢ned mostly to those studies performed in the higher hemispheres, where sunlight availability is much higher than in the UK. Depending on which of these de¢nitions is chosen, the prevalence of vitamin D de¢ciency in our total study population ranges from 14% at o8 mg/L to 95.2% at o40 mg/L (see Table 2 ).
In the UK, the de¢nition of vitamin D de¢ciency is generally accepted as a serum 25-hydroxyvitamin D concentration of o10 g/L for samples analysed after summer, when, due to endogenous production, vitamin D levels should be at their highest, and this is applied to all ethnic groups. 6,12--15 For our local population, the Figure 2 Comparison of mean vitamin D concentrations between men and women for total study population and different ethnic groups. The significant difference between men and women (P) was determined using the Mann-Whitney test incidence of vitamin D de¢ciency at the end of summer (September, o10 mg/L) is approximately one in eight for Caucasians, one in four for Black Afro-Caribbeans and one in three for Asians. Asian women, in particular, are clearly shown in this study to be at greater risk of vitamin D de¢ciency with almost one in two individuals found to have a vitamin D level below 10 mg/L (43%). This is in agreement with the ¢ndings of another UK study, which found 50% of pregnant women from ethnic minorities in South Wales were vitamin D de¢cient at their ¢rst antenatal visit. 23 The lower vitamin D levels found in Asian women compared with Asian men is unlikely to be dietary, and is probably due to their tendency to wear clothing that covers the skin, as studies have shown that dressing style contributes to vitamin D de¢ciency. 24, 25 Since low maternal vitamin D can a¡ect the developing fetus and result in serious paediatric problems, these ¢ndings have serious implications, and could be a major contributor to the resurgence of rickets seen in Asian children in the UK. 16--20 It is important to note that both mean alkaline phosphatase concentration and adjusted calcium level were within normal reference intervals for all population groups we studied. This would suggest that selecting patients for vitamin D testing on the basis of abnormal bone marker tests, such as a low calcium result and raised alkaline phosphatase level, means that a signi¢cant number of individuals with vitamin D de¢ciency are not being identi¢ed, and this points strongly to the need for more generalized screening.
This study has shown vitamin D de¢ciency remains widespread in the general UK population, even when testing is readily available. Despite repeated studies identifying the same high-risk patient groups, vitamin D de¢ciency remains high among these individuals, and there is no doubt that the practice of restricting testing to individuals selected based on biochemistry results or symptoms is contributing to this.
There is clearly a real need for more routine vitamin D screening of high-risk population groups in the UK to identify de¢cient individuals, and especially in women of child-bearing age. 
